The Skellefte mining district occurs in an Early Proterozoic, mainly 1.90-1.87 Ga (Svecofennian) magmatic province of low to medium metamorphic grade in the Baltic Shield in northern Sweden. The district contains over 85 pyritic Zn-Cu-Au-Ag massive sulfide deposits and a few vein Au deposits and subeconomic porphyry Cu-Au-Mo deposits. The massive sulfide deposits mainly occur within, and especially along the top of, a regional felsic-dominant volcanic unit attributed to a stage of intense, extensional, continental margin arc volcanism. From facies analysis we interpret the palcogeography of this stage to have comprised many scattered islands and shallow-water areas, surrounded by deeper seas. All the major massive sulfide ores occur in belowwave base facies associations; however, some ores occur close to stratigraphic intervals of above-wave base facies associations, and the summits of some volcanoes that host massive sulfides emerged above sea level. Many of the massive sulfide ores occur within rapidly eraplaced volcaniclastic facies and are interpreted to have formed by infiltration and replacement of these facies. Some of the ore deposits have characteristics of both marine massive sulfides and subaerial epithetreal deposits. We suggest that massive sulfides in the Skellefte district span a range in ore deposit style from deep-water sea-floor ores, to subsea-floor replacements, to shallow-water and possibly subaerial synvolcanic replacements. Facies models are provided for the mineralized rhyolite volcanoes and volcanological guides are provided for exploration for blind ores within these volcanoes.
Introduction
THE Skellefte district is one of the most important mining districts in Sweden. The district covers an area of 120 by 30 km in northern Sweden (Fig. 1) and contains over 85 pyritic Zn-Cu-Au-Ag massive sulfide deposits. Twenty-one deposits have been mined since 1924 and five are currently in operation (by the Boliden company). These deposits cover a wide range of size, metal grades, and economic viability (Table 1, Figs. 2 and 3). Fifty-two deposits contain 100,000 metric tons (t) or more and together provide a total premining tonnage for the district of 161 Mt (million metric tons) with an average grade of 1.9 g/t Au, 47 g/t Ag, 0.7 percent Cu, 3.0 percent Zn, 0.4 percent Pb, 0.8 percent As, and 25.6 percent S. The median deposit size is 1.1 Mt (Fig. 2) . High Au, As, Sb, and Hg contents are common. The Boliden mine was the largest gold deposit in Europe and the world's largest arsenic producer (Grip and Wirstam, 1970 ); however, current stringent controls on As and Sb levels in the smelter and refinery have resulted in several deposits being uneconomic, including Rakkejaur, the largest deposit in the district.
In geologic terms the Skellefte district is an Early Protero- zoic, mainly 1.90 to 1.87 Ga (Svecofennian) felsic magmatic region of low to medium metamorphic grade in the Baltic Shield (Fig. 1) . The massive sulfide ores occur within a thick volcanic succession and typically close to interbedded or overlying sedimentary units with dark, locally graphitic mudstone. In addition to massive sulfide deposits the district contains vein gold deposits and low-grade porphyry Cu-Au-Mo deposits , which are not discussed in this paper. The felsic volcanic rocks have been interpreted mainly as pyroclastic rocks and attributed to violent explosive submarine volcanism at large caldera volcanoes scattered throughout the district (Lundberg, 1980; Rickard, 1986; Vivallo and Claesson, 1987) . Regional stratigraphy is complex and laterally variable and several stratigraphic schemes have been proposed (Eklund, 1923; Grip, 1951; Gavelin, 1955a; Kautsky, 1957; Helfrich, 1971; Lundberg, 1980; Weihed et al., 1992 ). The district is generally regarded as having formed between a continental landmass to the north (Arvidsjaur Volcanics) and a deep-marine sedimentary basin to the south (Bothnian basin). Depositional environments have been interpreted as mainly deep water, but shallowing upward through the stratigraphy and northward to the continental environment (Eklund, 1923; Lundberg, 1980; Zweifel, 1982) . Based mainly on geochemistry the district has been interpreted as an ancient volcanic arc, and more specifically as an island arc (Hietanen, 1975; Lundberg, 1980; Rickard, 1986; Weihed et al., 1992) , and an inter-or intra-arc rift within a continental margin arc (Vivallo and Claesson, 1987) . Traditionally the massive sulfides were regarded as structurally controlled replacement ores related to hydrothermal activity of pre-or postmetamorphic granitoids (HOgbom, 1928; Gavelin, 1955b) . Some workers noted an association between the massive sulfide ores and rhyolite porphyries (Jonsson in Riekard, 1986). Riekard and Zweifel (1975) reinterpreted the ores as deformed and metamorphosed synvoleanie ore deposits analogous to the Miocene kuroko deposits of Japan, and in most recent publications the ores are interpreted as exhalative sea-floor deposits (Riekard, 1986) . Recently, geologists of the Boliden company have subdivided the district into ten geologic domains ( Fig. 1 ) according to differences in the style, composition, economic viability, and host rocks of the ores. Despite only 1 percent or less outcrop due to extensive covering by late Quaternary glacial sediments, exploration success has been very high. Most of the ore deposits were discovered by tracing strings of mineralized boulders in the glacial tills back to their bedrock soume, and by airborne and ground electromagnetic surveys (E M). However, easy targets within 250 m of the surface are now almost exhausted. Exploration has entered a new phase of deeper, geologically led exploration. In this exploration environment, more geologic guides to ore are required to continue exploration success, and this has been an important motivation for the present study.
Our initial observations of volcanic rocks in the $kellefte district suggested that new and more detailed interpretations could be made for many of the volcanic rock ,types, the depositional environments, the stratigraphic and structural architecture of the district, and the style and setting of ore deposition.
The aims of this study were to follow up these initial observations with a field-oriented and facies-oriented regional analysis of the volcanic and sedimentary setting of massive sulfide deposits in the district. Particular emphasis was placed on the fundamental steps of identifying primary rock textures and emplacement units. Drill core was used extensively to construct continuous graphic logs of the rock successions and to resolve contact relationships and relationships between mineralization and host rocks. Seven of the ten geologic domains were studied (H'filtr/lsk, Gallejaur, Maurliden, Petiktr'•k, Renstr0m, Boliden, and Arvidsjaur), including the settings of 14 massive sulfide deposits. Petrography and geochemical analyses were used to compliment field interpretations.
In this paper we provide a summary of the regional geology, the characteristics of the massive sulfide deposits, and the results of the facies analysis in a series of logical interpretative steps. Despite the greenschist to lower amphibolite mineralogy and fabrics in the rocks, we use primary volcanic and sedimentary terminology for brevity and to emphasize the primary features of the rocks. Relict primary textures are locally well preserved on slightly weathered outcrop surfaces, in drill core and in polished rock slices. In order to explain facies relationships, variable regional stratigraphy and unconformities, we propose a new stratigraphic framework for the district. This stratigraphy is interpreted in terms of the evolution of an extensional continental margin volcanic arc; however, neither the facies analysis nor the stratigraphic scheme are dependent on this volcanic arc model. We propose that most of the massive sulfide ores are an intimate part of small to moderate size, marine, rhyolite cryptodome-tuff volcanoes rather than large pyroelastic caldera volcanoes, and that many ores formed by infiltration and replacement of subsea-floor strata rather than by exhalation on the sea floor. We provide facies models for the mineralized rhyolite volcanoes and volcanological guides for exploration of blind ores within these volcanoes.
Regional Stratigraphy
The Skellefte mining district coincides with a mainly northwest-southeast-trending belt of Svecofennian volcanic, sedimentary and intrusive rocks (Fig. 1) . This belt is characterized by abundant moderately to strongly deformed, gray, diagenetically and hydrothermally altered, marine volcanic rocks. Basement to the belt is not exposed. The belt has an apparently conformable boundary to the south with an extensive metasedimentary region with abundant granitoids (Bothnian basin). To the north the Skellefte district has a poorly defined boundary with an extensive region of less deformed, less altered, mainly brown continental felsic volcanic rocks, intrusions, and minor sediments (Arvidsjaur Group).
Throughout the Skellefte district there is a simple firstorder regional stratigraphy consisting of a thick volcanic unit (Skellefte Group) overlain by mainly sedimentary successions (Fig. 1) . Most previous workers agree with this pattern; however, many alternatives have been presented for other aspects of the stratigraphy, regional correlations, and timing and magnitude of deformation (Eklund, 1923; Grip, 1951; Gavelin, 1955a; Kautsky, 1957; Helfrich, 1971; Lundberg, 1980 ; Claesson, 1985; Weihed et al., 1992). Grip (1951) and Gavelin (1955a) proposed that the Skellefte Group volcanics were overlain by an argillitic unit (their "Phyllite series"), and then the Arvidsjaur volcanics to the north. This succession was then folded, uplifted, intruded by JOrn-and Revsund-type granitoids, and unconformably overlain by conglomerate (their "Vargfors series"). Kantsky (1957) emphasized that argillites were intercalated within the Skellefte Group (his "Maurliden series"), that this complex was intruded by Jorn granitoids, folded, uplifted, and then unconformably overlain by a sedimentary group consisting of sedimentary breccia and conglomerate (his Menstr•sk breccia and Vargfors conglomerate) and more argillites (his Elvaberg slates). Helfrich (1971) produced a more dynamic version of Kautsky's model with units interfingering and overlapping in time and space. The most recent comprehensive scheme is that by Lundberg (1980) and is similar to Gavelin's (1955a) except that the Revsund granites are recognized as younger than the Vargfors Group. Our work suggests that parts of the previous stratigraphic schemes are correct. However, we interpret the main stratigraphic units to have conformable, disconformable, and interfingering contacts, and that there is no major regional angular unconformity within the succession. We provide a new stratigraphic framework expressed in Figure 4A in terms of time-stratigraphic relationships, and in Figure 4B in terms of lithostratigraphic and structural relationships. This stratigraphic framework is synthesized from new mapping and reinterpretation of several domains (Figs. 5, 6 , and 7), and construction of many stratigraphic columns (Fig. 8) . We have used existing nomenclature wherever possible; however, it is necessary to redefine several stratigraphic units.
Skellefie Group
The Skellefte Group is redefined as the lowest stratigraphic unit dominated by juvenile volcaniclastic rocks, porphyritic intrusions, and lavas (Fig. 9) . Interealated sedimentary rocks are included in the group and comprise gray to black mudstone, volcaniclastic siltstone, sandstone and breccia-conglomerate, volcaniclastic rocks with a lime matrix in the center of the district, and rare limestone. Overlying sedimentary units are excluded from the Skellefte Group and incorporated into the Vargfors Group. The Skellefte Group contains most of the massive sulfide ores and has an extremely variable internal stratigraphy. Numerous formations can be mapped and correspond to distinct units within individual domains (Figs. 5, 6, and 7); however, no formations could be traced from one domain to the next. The maximum measured stratigraphic thickness of the Skellefte Group is 3 km in the Petiktrask domain (Fig. 8) , but the base of the group is nowhere exposed. A U-Pb zircon date suggests that the upper part of the group in the Petiktrask domain is 1882 _ 8 Ma (Welin, 1987) .
Rhyolitic rocks are abundant in the Skellefte Group; however, knowledge of the group has been based mainly on studies around the mines and in the center of the district, which is the best exposed and most rhyolitie area. Our calculation of the percentage area of different volcanic compositions (Fig.  10) indicates that the group is neither overwhehningly rhyolitie nor bimodal as previously suggested. The proportions of rhyolite, daeite, andesitc, and basalt vary greatly between different domains. For example, andesitc predominates in the Haltrask domain, daeite in the Boliden domain, and rhyolite in the Petiktrask domain (Fig. 10) . Bimodal compositions are restricted to particular stratigraphic intervals or areas within individual domains (e.g., LSngdal mine sequence in Boliden domain; Figs. 5 and 8).
Vargfors Group
The Skellefte Group is overlain by fine-grained and coarsegrained sedimentary successions with locally abundant intercalated volcanic rocks. These overlying successions are interpreted in this study to have mainly gradational and interfingering, conformable contact relationships with each other (Figs. 4 and 8) and are consequently regarded as one stratigraphic group, the redefined Vargfors Group (Fig. 4A and B Figs. 4 and 8). Disconformities were mainly recognized at the base of conglomerate units; however, they also occur at the base of fine-grained clastic rocks of the Elvaberg Formation at Boliden (Fig. 8C) . Disconformities also occur within the Vargfors Group (Fig. 8L) ; but we find no evidence within or at the base of the Vargfors Group for the major structural break, folding event, and regional angular unconformity interpreted by most previous workers. Furthermore, the absence of clasts eroded from lithified Elvaberg Formation mudstones, despite the vast extent of these mudstones, argues The Vargfors Group reaches a minimum stratigraphic thickness of 4 km in the Nicknoret West-Gallejaur area (Fig.  8L) ; however, the top of the group is not exposed. U-Pb zircon dates of 1873 __+ 10 Ma for the Gallejaur monzonite (Ski61d, 1988) An important conclusion from our reinterpretion of the stratigraphy is that some massive sulfide ores occur in the lower part of the Vargfors Group, which was previously regarded as completely unmineralized (Fig. 4) . In particular, the description of Grip (1951) indicates that the Menstr'•k ores occur within the Menstrlisk conglomerate (Fig. 7) . At the Holmtjiiru mine, Skellefte Group volcanics are intercalated with Vargfors-like conglomerates and the ore occurs in a facies simfiar to the Menstr'•k conglomerate (Fig. 8H) . At Lfmgsele and Boliden some minor mineralizations overlie the main massive sulfide lenses. These mineralizations occur in interbedded volcaniclastic sandstone, pumice breccia, and mudstone of the Elvaberg Formation (Fig. 8B) .
Arvidsjaur Group
The Jiirn granitoid suite The JOrn granitoid suite comprises the composite JOrn batholith at the northern margin of the Skellefte Group and several smaller plutons within and around the Skellefte Group (Fig. 1) . The suite ranges from gabbro to granite and averages granodiorite or tonalitc in composition. The early border phase of the Jorn batholith has a characteristic coarse quartz porphyritic texture that is similar to several porphyritic rhyolite intrusions within the Skellefte Group. Several features of the Jorn suite suggest that it may be comagmatic with Skellefte and Arvidsjaur volcanism, including compositions similar to those in the Skellefte Group, radiometric ages that span those of the Skellefte, Vargfors, and Arvidsjaur Groups, intrusive contacts with the Skellefte and Arvidsjaur Groups, and abundant clasts of early Jorn suite members in the middle and upper parts of the Vargfors Group (Lundberg, 1980; Claesson, 1985; Wilson et al., 1987) . The latter point indicates that early members of the Jorn batholith were uplifted and eroded during deposition of the Vargfors Group. In the Skellefte Group, the Jorn-type granitoids intruded stratigraphically below the massive sulfide deposits, except for the small RengArd granitoid at the southern margin of the Renstr6m domain (Fig. 6) (Fig. 7) . The plunge reversals occur across northerly trending, steep, mainly dip-slip cross faults (Fig. 7 ) and open to tight folds (F3). The cross faults are abundant and dissect the district into a set of northerly trending fault blocks. F3 folds are scattered unevenly across the district, but are locally coincident with the cross faults, and both are attributed to a second main deformation phase. A previously unrecognized S• foliation occurs throughout the district. This foliation is commonly parallel to bedding and comprises a strong crenulate stylolitic foliation in pumiceous rocks (Fig. 9G, H (Table 1, Fig. 3 ), but Zn-Pb-poor Cu-Au deposits (e.g., Boliden), and Zn-Pb-Cu deposits with moderate Pb contents (e.g., Renstr6m, Lfingdal) also occur. High As, Sb, and Hg contents are common (Table 1, Fig. 3 ). As, Se, Bi, and andalusite formed additional economic componeuts in the Boliden ore deposit (Grip and Wirstam, 1970) . The main ore types comprise (1) pyrite with disseminations or streaks of sphalerite + other ore minerals, (2) complex sphaleritepyrite-galena _ chalcopyrite, (3) fine-grained arsenopyrite _+ pyrite-chalcopyrite, and (4) chlorite with pyrite-chalcopyrite impregnation and veins. Type 3 is an unusual ore type, which formed a significant part of the Boliden deposit and smaller parts of some other deposits (e.g., Holmtj'arn). Pyrrhotite is common, and sulfosalts and magnetite are accessory minerals.
All of the deposits were deformed and metamorphosed during the main orogenic phase. Strong cleavage, stretching lineation, and shearing are common, and the ores have been variably recrystallized. The deposits are now mainly steeply dipping, elliptical bodies with long axes parallel to the tectonic stretching lineation. Some deposits are tightly folded (e.g., N•isliden), partly transposed into the cleavage (e.g., Renstr6m), or occur in faults or shear zones (e.g., Boliden). However, careful drill core logging and mapping show that many of the deposits are concordant to deformed bedding surfaces, and are strata bound within particular volcanic facies or occur at particular stratigraphic boundaries (e.g., N•isliden, Renstr/Sm, West Maurliden, Ravlidmyran). Furthermore, alteration assemblages, stringer vein networks, and disseminated mineralization are overprinted by the same tectonic structures (S, Sa, L2, Fa) as the host rocks. Consequently most of the ores are interpreted as pretectonic in origin.
The massive, semimassive, and impregnation ores are all most abundant in tuffaceous volcanidastic facies, which were probably originally very permeable. However, a few sulfide lenses occur in hydrothermal breccia zones and fault zones cutting felsic intrusions and at boundaries between intrusions (e.g., North Maurliden, Bastuheden). Stringer networks are most common in brecciated lavas and intrusions. High-grade sphalerite-galena-rich, pyrite-poor ore shoots with a breccia texture of wall-rock clasts or sulfide dasts scattered in massive sulfide matrix occur at some deposits (e.g., Renstr0m, L&ng-dal, Ravlidmyran). These ore shoots are attributed to mechanical remobilization of less competent, more plastically deformable (pyrite-poor), massive sulfide ore during compressional deformation.
The alteration envelopes around the deposits are mainly asymmetric with more extensive and intense alteration in the stratigraphic footwall. The main alteration zone is generally a quartz-serieite-pyrite zone, extending from 100 m to over i km along strike and up to 2 km into the footwall (e.g., LSngdal, LSngsele). An inner zone of ehlorite + eordierite _+ andalusite-pyrite-ehaleopyrite_ sphalerite occurs along the footwall side of some ore lenses (e.g., L5ngsele, Ravlidmyran).
Several deposits have discontinuous dolomite-ealeite-ehlorite-tale _+ tremolite rocks directly stratigraphically above, laterally adjacent to, and/or in among the ore lenses (R•tvlidmyran, Riivliden, Rakkejaur, RenstrOm, Lf•ngdal, Niisliden, H'altriisk). These were previously regarded as limestone sediments and exhalites; however, we suggest that only a few of The heterogeneous cleavage (S2) and strong stretching lineation (L2) have resulted in variable, but mainly strong, modification of primary textures. The textural effects of cleavage and lineation were assessed before interpretation of primary textures by observing textures on outcrop surfaces both perpendicular and parallel to the lineation and cleavage. These surfaces show the minimum and maximum textural effect of the deformation respectively. Drill cores were routinely rotated for the same purpose, and thin sections and polished rock slices were cut perpendicular to the lineation in order to study the least deformed textures. We conclude that many preferred orientation fabrics in the rocks result from cleavage and lineation. Commonly, clasts and phenocrysts have been stretched into aligned ellipsoids, rods, and streaks. This is especially the case for feldspar phenocrysts, clasts, and patches that were altered to mechanically weak sericite-, chlorite-, or carbonate-rich compositions prior to deformation. Consequently, many volcanic rocks in the district, including many originally homogeneous intrusions and lavas, have streaky, patchy, pseudotuffaceous textures (cf. Allen, 1988). We interpret shallow porphyritic intrusions to be much more abundant than was recognized in previous studies.
Despite the St, S2, and L2 fabrics, many of the pumiceous rocks preserve relies of fibrous nonwelded pumice texture, similar to the textures documented by Allen (1990 Allen ( , 1993 and unfraetured rock. For example, in weakly to moderately quartz-serieite-altered rocks, delicate nonwelded fibrous tube-pumice elasts, and fine areuate peditie fracture networks may be observed routinely on slightly weathered outcrop surfaces with the aid of a hand lens. Furthermore, in weakly to moderately altered rocks, different primary textures produce different weathered outcrop surfaces. The nonwelded pumiceous rocks commonly weather to finely knobbly, erenulate surfaces, whereas the coherent intrusions and lavas tend to have massive smooth, more homogeneous surfaces (Fig. 9) . In areas of strong alteration, many primary textures are faint or obliterated, and persistence during the field work and drill core logging was required to find local relict primary textures.
Main volcanic and sedimentary facies in the Skellefte district
In Table 2 we identify 26 contact relationships, and geometry. An example and an estimate of relative abundance are provided for each facies in Table 2 . For brevity, facies that differ in mineralogical and chemical composition but not other facies characteristics are combined under the same facies category in Table 2 . However, several facies were routinely mapped and subdivided to a further two orders of detail. For example, facies i has a second-order subdivision into rhyolite, dacite, andesitc, and basalt varieties, and a third-order subdivision according to the types (quartz, feldspar, hornblende, pyroxene), abundance, relative proportions (e.g., ratio of feldspar to quartz abundance), and size of phenocrysts or crystals. This method of subdivision enabled identification of individual emplacement units of each facies type and is valid because the types and relative proportions of crystals are generally constant throughout individual emplacement units, even though the total abundance and size of the crystals may vary (for example, from the base to top of a normal-graded mass flow unit). This third-order subdivision is only invalid for compositionally zoned emplacement units (some large pyroclastic flow units, large intrusions), which are not known in the Skellefte and Vargfors Groups.
We found it most useful to define facies of transported clastic debris differently from facies of intrusions and lavas. For rocks comprising transported clastic debris, individual facies were designed to correspond to the entire stratigraphic 
Fragmentation and eruption processes
In order of decreasing abundance, clastic fragmentation processes in the Skellefte district were mainly pyroclastic fragmentation, epiclastic erosion, quench fragmentation, hydrothermal brecciation and intrusive brecciation ( Table 2) (Fig. 9D, E) . Consequently, these two breeeia types may be difficult to distinguish in a single outcrop or drill core. Criteria used to distinguish the hyaloelastite breeeias include restfiction to the margins of shallow intrusions and lavas, facies association with sediment-matfix hyaloelastite breeeia (pepefite, facies 8) toward the margin of the intrusion or lava and more crystalline (e.g., spherulitie) coherent facies (facies 1) toward the center of the body, monomict clast assemblage, relict glassy textures such as perlitic fractures within the clasts, and dominance of broad arcuate-shaped clast margins and fractures (Fig. 9D) . Criteria that appear useful in the Skellefte district to distinguish hydrothermal breccias include occurrence in relatively crystalline as well as originally glassy rocks, subplanar or irregular crenulate fractures and clast margins more abundant than broad arcuate shapes, local or extensive areas of clasts with subrounded corners, local sheeted to branching fracture sets, fractures or veins crosscutting earlier formed fractures or veins, local areas with two or three clast compositions, local veins of matfix-supported, slurry-textured transported breccia, and commonly strong alteration in the fractures and breccia matrix (Fig. 9E) . Hydrothermal breccias are especially common in the Maurliden domain and near Holmtjarn. The breccias are attributed to intense hydraulic fracture propagation in overpressured subregional hydrothermal systems that are spatially associated with felsic intrusion and lava complexes, which may also be related to sulfide mineralization. An interesting variation of quench breccia is the subaqueous, basaltic fire fountain breccia-agglomerate facies (facies 10, Table 2 ) found at Granbergsliden (Holmtjarn area, Petiktrask domain, Fig. 8H ) and in two parts of the RenstrOm domain (Fig. 8E, F) . These breccias comprise fluidal bombs set in a matrix of the quench-fragmented, spalied bomb finds. The eruptions are interpreted to have been the subaqueous equivalent of Hawaiian fire fountain eruptions, in which basalt magma blobs (bombs) were jetted up above the sea floor in magma fountains. Quench fragmentation of bomb margins occurred as they fell to the sea floor. The well-exposed breccia-agglomerate units at Granbergsliden are intercalated with basalt pillow lava and andesitc sheet flows (Fig. 8H ) in a mafic volcano at least 400 m thick and 3 km wide. The fire fountain breccia-agglomerate facies is attributed to the eruption of fluidal basaltic magma at high discharge rates from fissure vents. During periods of low discharge rate, magma fountains did not form and the basaltic magma erupted as pillow lava.
The intrusion breccias comprise brecciated and vafiably dismembered areas of one coherent porphyfitic volcanic rock set in a matrix of another more strongly porphyfitic coherent volcanic rock (Fig. 9B) . These breccias have areas of in situ breccia texture and the clasts have irregular subrounded corroded margins. The breccias are attributed to intrusion of coarse subvolcanic porphyries into their roof rocks. Initial fragmentation was hydraulic(?) brecciation of the roof rocks adjacent to the intrusion. This was followed by intrusion of porphyry into the brecciated roof rocks and partial collapse and assimilation of the brecciated roof rocks into the porphyry. (Figs. 11B and 12) . These structures and bedforms contrast with the simple normal-graded and laterally continuous bedforms of the subaqueous mass flow facies described above. Evidence that traction sedimentation was mainly restricted to subaerial and shallow-water depositional environments is described below.
Eraplacement processes
Other minor emplacement processes include suspension sedimentation of subaqueous pyroclastic fallout (facies 9, 10, and some units of facies 19), subaerial gas-supported pyroclastic flow (facies 12), and chemical or biogenic sedimentation of limestone (facies 26). The second most abundant group of facies associations comprises various combinations of aphyric to porphyritic coherent intrusions, lavas, in situ hyaloclastite, sediment-matrix hyaloclastite, stratified hyaloclastite, porphyry matrix breccia, and in situ lithic breccia (facies 1, 2, 4-10). The common occurrence ofhyaloclastite in these associations indicates that the intrusions and lavas were mainly emplaced into watersaturated strata in subaqueous environments. The nature of these environments can be resolved further into two main types according to the volcaniclastic facies associations that enclose or interfinger with the intrusions and lavas. Some of the intrusion and lava associations are completely embedded within the subaqueous mass fiow-mudstone and turbiditc facies associations described above, and consequently, are attributed to emplacement into moderately deep-water successions in which depositional environments were consistently below storm wave base (e.g., Fig. 8F, 150-400 m) . However, some contain local interbedded elastic fades with shallowwater to subaerial traction current bedforms (e.g., Fig. 8H , 800 m-1.74 km). These intrusion and lava complexes are therefore interpreted to have been locally emergent above wave base or sea level.
Timing of eraplacement
The matrix of the porphyry-matrix intrusive breeeias (facies 5) is mainly coarse, crystal-rich porphyry without any marginal hyaloelastite facies. This association suggests that the very crystal-rich porphyries with porphyry-matrix breeeia are subvolcanic intrusions that were emplaeed in deeper, less watersaturated parts of the volcanic pile.
A third group of fades associations is that dominated by elastic facies with traction current structures and bedforms.
These associations contain evidence of erosion, scours, and reworking, and lack dark mudstones and other facies that occur in the below-storm-wave base facies associations (Fig.  12) . They are therefore attributed to deposition in shallowwater to subaerial environments. Their common gradational contacts with the subaqueous below-wave base associations suggest deposition in near-shore fiuvial-deltaic environments. Figure 8 , and by the distribution of depositional environments interpreted for the Boliden, RenstrOm, and Petiktriisk regions in Figure 13 . These results indicate that belowwave base environments were most abundant during emplacement of the Skellefte Group and that shallow-water to subaerial environments were most abundant during eraplacement of the Vargfors Group. However, despite being volumetrically subordinate, shallow-water to subaerial environments occurred in many areas of the Skellefte district during Skellefte Group volcanism and were especially common in the central part of the district. Furthermore, below-wave base environments were common during Vargfors time and were locally dominant. These results suggest alternation of shallowand deep-water environments both in time and space, in both the Skellefte and Vargfors Groups. The alternations in environment are attributed to variations in the interplay between subsidence (tectonic and volcanotectonic), accumulation of strata, and uplift due to emplacement of shallow intrusions.
The distribution of different depositional environments in time and space through the Skellefte and Vargfors Groups is shown by the water depth curves interpreted from the various facies associations and drawn alongside each stratigraphic column in

Environments of eruption versus deposition
It has generally been assumed that the various volcanic rocks of the Skellefte district were erupted in the same areas and depositional environments in which they now occur. This is valid for the intrusions, lavas, and related rocks but is not valid for the subaqueous mass flow facies. The facies associations described above provide diagnostic data on the environments of deposition, but not necessarily on the environments of eruption. Considering the distribution of depositional environments demonstrated above, it is likely that a significant part of the voleanielastie debris was derived from topographically high areas (including subaerial, shallow-water areas) and was distributed downslope into deeper water environments by subaqueous mass flow processes. The highly pumiceous Table 4 , and in Figure 14 these characteristic facies associations are synthesized into two schematic reconstructions of the rhyolite cryptodome-tuff volcanoes. These facies associations and reconstructions provide models that can be used to interpret in which part of the volcano any particular area lies. They also allow prediction of lateral facies changes, provide vectors toward vents, and provide a framework for interpretation of the setting of the massive sulfide ores.
Subaqu•eous rhyolite cryptodome-tuff volcanoes
These volcanoes form only 5 percent or less of the area of the Skellefte district but are associated with many massive sulfide deposits (Figs. 2, 13) . From the many partially exposed examples of rhyolite cryptodome-tuff volcanoes, we estimate they range from 2 to 10 km in diameter and 250 to 1,200 m thick at the center. They occur in the Boliden and Petiktrask domains and are especially common in the Renstr6m domain. They are inferred to occur in the Haltrask and Maurliden domains (see below), and from the literature we infer that they also occur in domains not covered in this study (Udden, Rakkejaur-Nasliden). The rhyolite cryptodome-tuffvolcanoes can be regarded as a subaqueous analogue of subaerial dometuff cone volcanoes (cf. Cole, 1970) Table 2 The area of most rhyolite intrusions, and the thickest interval of the tuff deposit (50-300 m), is interpreted as the proximal near-vent area (Table 4, Fig. 14) . Lateral facies changes away from the proximal area mainly comprise a decrease in the number of intrusions and the thickness and grain size of the tuff unit, and an increase in ambient basinal facies and distal facies from adjacent volcanoes.
Most of the tuff deposits consist of one or more, 10 to 100 m thick (up to 300 m thick at Lftngdal), normal-graded or double-graded, pumiceous breccia and sandstone units (facies 15). We attribute these to subaqueous mass flows of pyroelastic debris that were fed from a pumiceous pyroelastic eruption column at the vent. Double-graded units are successions of beds in which each bed is normal graded and the whole succession becomes thinner bedded and finer grained upward (e.g., Petikniis North 420-620 m, Fig. 8G ). The rhyolitic pyroelastic unit at the Renstr6m mine (Fig. BE, 380-430 m) is a more heterogeneous pumice breccia, with matrixsupported intervals of pumice blocks in an ash-siltstone matrix and without distinct grading or lithie clasts. We attribute this unit to a combination of direct subaqueous suspension fallout from a pyroelastic eruption column, and the delayed settling of pumice blocks that initially floated to the sea surface, then became waterlogged and sank.
The very thick, normal to double-graded, subaqueous mass flow bedforms imply that many of the tuff deposits were probably ponded within local topographic depressions and came to rest with a subhorizontal upper surface, or a low-angle cone-shaped surface sloping gently away from the vent area. Considering the regional structural setting (see below) and the various substrates on which the rhyolite volcanoes were built (Fig. 8) , the local depressions probably included grabens, half-grabens, small calderas, and valleys between older rhyolitic to andesitic domes and cryptodomes.
Subsidence accompanied and followed the main pyroelastic eruption(s) at least in some cases (e.g., Renstr6m, see below), but it is also likely that accumulation of the main pyroelastic unit resulted in net growth toward sea level in some cases. Furthermore, the subsequent intrusion of cryptodomes and sills into, and below, the tuff deposits disrupted and inflated the tuff deposits, and in many cases, presumably domed up the surface into a mound (Fig. 14) . At Holmtjiirn, local relics of rhyolitic volcaniclastic sandstones and conglomerates with traction current bedforms, scours, and rounded rhyolite clasts (facies 18, 21, Table 2 Basalt is intimately associated with several of the rhyolite cryptodome-tuff volcanoes. At Lftngdal, a swarm of green, fine-grained basalt sills with hyaloclastic margins intrudes the pumice-breccia tuff deposit and the lower part of the overlying succession (Fig. 8A) . The tuff deposit is the footwall and host unit to the massive sulfide ores. The sills are altered and locally mineralized and therefore predate the end of mineralization. The hyaloclastic margins indicate emplacement while the pumice breccia succession was still wet and unlithified. At Viterberget (Renstr6m domain), variably dismembered hyaloclastic basalt blocks occur in the subaqueous mass flow units of the tuff succession. These blocks indicate that a basalt lava or intrusion was in the vent area at the time of the pyroelastic eruption. Rhyolitic pumiceous subaqueous mass flow units in the lower part of the Petiktriisk succession (Fig. 81) are interpreted as proximal to medial deposits of a rhyolite cryptodome-tuff volcano. These units are monomict except for scattered, small, marie hyaloclastite clasts. The basalt clasts have the same significance as those at Viterberget. They suggest that intrusion of basalt into the rhyolite cryprodome-tuff volcanoes was relatively common and may have triggered pyroelastic eruptions (cf . Sparks et al., 1977) . Detailed petrogenesis of these rhyolitic volcanoes and their relationship to dacites, andesires, and basalts in the same domains await future study. At the moment we are uncertain as to whether the rhyolite cryptodome-tuff magmas are fractionated end members of the more mafic magmas or whether they form separate suites. -............ :..:.... ........ .................   ß .-.. ...... . Arvidsjaur groups (Fig. 4) . Consequently, the Skellefte are developed directly adjacent to the continental Arvidsjaur Group region as originally proposed by Eldund (1923). The scenario that a primitive oceanic Skellefte arc developed independently and then collided with the continental region (e.g., Rickard, 1986) is not supported by the field evidence. The facies analysis in this study shows that throughout development of the Skellefte Group, the district was a complex mixture of shallow-water and moderately deep-water areas, with the latter dominant. The over 3-kin-thick Skellefte Group succession must have continually subsided and had a total subsidence of over 3 km to maintain this palcogeography. This submerged palcogeography is unusual for felsicdominant arc successions, but typical of felsic-dominant arcs with major massive sulfide districts (Sato, 1974 The end of Skellefte Group volcanism and the early uplift were followed and/or accompanied by differential uplift and subsidence of the Skellefte are into a complex horst and graben palcogeography with different facies patterns of Vargfors sedimentation in different fault blocks (Fig. 4B) . Secondorder horsts and grabens were superimposed on a regional first-order pattern. Basal coarse clastic rocks of the Vargfors Group (Menstrask conglomerate) were locally derived fluvialdeltaic erosional products of fault scarps and uplifted blocks. These facies were restricted to particular fault blocks in the second-order horst and graben pattern. The facies pattern changes upward to both fine-grained and coarse-grained sediments that extend across relatively large areas (Elvaberg Formation, Abborrtjarn conglomerate, Fig. 4B ). This change is attributed to the filling of the second-order horst and graben topography, after which fluvial-deltaic sediments prograded across more regional (first-order?) grabens.
Subsequently, large volumes of moderate to high Mg pyroxene-porphyritic basalts were erupted (Gallejaur volcanics), minor andesite-dacite-rhyolite volcanism occurred (Gallejaur volcanics), and detritus from major terrestrial felsic volcanism to the north (Arvidsjaur Group) was shed into the basin. These events are suggestive of crustal extension, incipient rifting resulting in the tapping of primitive mafic magma, continued subsidence in the area of the Skellefte arc, and renewed but more continental arc volcanism to the north.
Setting of Massive Sulfide Ores Relationship to tectonic evolution and regional stratigraphy
In order of decreasing abundance, massive sulfide ores occur at the top of the Skellefte Group, within the Skellefte Group, and in the basal sediments of the overlying Vargfors Group (Fig. 4A and B) . This regional stratigraphic interval corresponds to the period of intense extensional arc volcanism, especially the end of this period. We suggest that the ores in the base of the Vargfors Group are essentially related to Skellefte Group volcanism, because we found evidence that Skellefte Group volcanism continued during deposition of the basal part of the Vargfors Group. For example, at the northern margin of the Maurliden domain, a rhyolite porphyry sill identical to some rhyolites in the Maurliden domain intrudes into the base of the Vargfors Group sediments (Fig.  7) . 
Relationship to depositional environment
Important studies in the Hokuroku district of Japan (Ohmoro and Skinner, 1983) have influenced many workers to conclude that volcanic-associated massive sulfide ores are restricted to very deep-water environments of 1,000 to 4,000 m (e.g., Rickard, 1986) . However, our results suggest that this interpretation is not applicable to the Skellefte district. During the period of massive sulfide mineralization, the Skellefte district had a marine palcogeography with many scattered shallow-water areas and islands. The exact water depth of the deeper environments between these shallow areas cannot be determined from volcanological and sedimentological studies, but they were below storm wave base, which generally lies within the range of a 50-to 100-m water depth (Johnson and Baldwin, 1986) . All the major massive sulfide deposits, except possibly the Menstr•isk ores, occur in these below-storm wave base facies associations (Fig. 13) . However, several of the massive sulfide deposits are close to stratigraphic intervals of shallow water-subaerial facies associations. Examples include Holmtj•irn, Renstr6m, Petikn•is South, West Maurliden, and Boliden, which are described below.
The Holmtj•irn massive sulfide deposit occurs in a facies association of alternating polymiet conglomerate, sandstone, gray mudstone, and rhyolite sills (Fig. 8H) (Fig. 14B) . Fan-deltas generally occur on downthrown fault blocks adjacent to fault scarps, and we suggest that the fan-delta at Holmtj•irn was sourced from a fault scarp in the Holmtj•irn region. Progradation of the fan-delta into the marine environment would have resulted in upward-shallowing successions. The stratigraphic level of the ore deposit probably represents below-wave base conditions, but probably less than 500 m deep.
In the Renstr6m area, the RenstrOm and Kyrkvag massive sulfide deposits are separated by a thick daeite-andesite sill and fault (Fig. 6) . Correlation of the stratigraphies west and east of the sill and fault (Fig. BE) Table 2 ). Red oxidation, together with abundant scours, erosion surfaces, cross bedded coarsegrained sandstones, lensoidal stratification, and channels (Fig.  12) , provides diagnostic evidence of shallow-water to subaerial conditions. This unit is part of a transgressive sequence that grades stratigraphically upward into normal-graded andesitie voleanielastie beds deposited below the wave base, and then andesitie followed by rhyolitie, water-settled pumice deposits (facies 9, Table 2 In the Petikn•is South structural block (Fig. 6) , a thick succession of andesitic breccias and sandstones with abundant traction current stratification ( Fig. 12; facies 18, Table 2 ), occurs 200 to 300 m stratigraphically below the massive sulfide ores (Fig. 8F) . We interpret this andesitic succession as shallow-water to subaerial deposits (Fig. 13) ; however, the immediate footwall to the massive sulfide ores and the hanging-wall succession comprise below-wave base facies associations (Fig. 8F) .
The West Maurliden massive sulfide is overlain by a norreal-graded subaqueous mass flow unit, gray tuffaceous silt-stone, and a hyaloclastitic lava or intrusion (Fig. 8K) . This facies association indicates a subaqueous, probably belowwave base depositional environment, but stratified conglomerate and sandstone (facies 21) along strike to the west, and lime-matrix breccia-conglomerate (facies 11) 250 m into the stratigraphic hanging wall to the south, are interpreted as subaerial-shallow marine and shallow-marine deposits, respectively. The abundance of areas and stratigraphic intervals of a shallow-water to subaerial alepositional environment in this central part of the district (Fig. 13) , 1996) . No evidence of the depositional environment is found directly adjacent to the massive sulfide ore, but abundant hyaloclastites occur in a similar stratigraphic position to the north, and relics of subaqueous mass flow units occur slightly lower in the stratigraphy to the west. These data suggest that the host rocks to the ore were emplaced in a subaqueous environment. The timing relationships between the various ore types, alteration zones, and host facies are uncertain; however, a part of the alteration envelope (see above) overprints, and therefore postdates, a large dacite intrusion in the apparent stratigraphic hanging wall to the south (Fig. 5) . This dacite was studied in many drill cores and has implications for the depositional environment of the Boliden area. The dacite has a complexly interfingering, fine-grained chilled intrusive base but a simpler sharp concordant top surface with no chilled zone. Dacite debris identical to the dacite intrusion occurs locally at this surface and as a debris flow unit in the overlying succession. The top surface of the dacite intrusion is interpreted here as an approximately planar, shallow-marine erosion surface. The intrusion is overlain by a blanket of rhyolitic pyroclastic debris, which also has a sharp, nongraded, eroded top (Fig. 8C) . This blanket of rhyolitic debris is in turn onlapped by a well-stratified Vargfors Group succession of subaqueous mass flow units and gray-black mudstone (Fig.  8C) . These relationships indicate that prior to the end of alteration at the Boliden ore deposit, the area was exposed (uplifted?) above the wave base, eroded, and subsequently submerged below the wave base again. Consequently, if the Boliden ore deposit is synvolcanic, then the hydrothermal system would have experienced this major fluctuation in depositional environment. This could partly explain why the Boliden deposit has characteristics of both submarine massive sulfide mineralization and epithermal mineralization (high alumina alteration, high Au-As-Sb-Te-Se contents, Table 1 ).
Relationship to rhyolite cryptodome-tuff volcanoes
Although subaqueous rhyolite cryptodome-tuff volcanoes are a small component (5% or less) of the Skellefte district, many massive sulfide ores are intimately associated with them. Most of the ores occur at the top of these volcanoes or in the base of the overlying successions. All of the ores occur within or directly above the proximal facies association of the volcanoes (Fig. 14) .
In addition, several other massive sulfide deposits that superficially appear related to other volcano types, actually coincide with an intercalation of proximal to medial facies from a rhyolite cryptodome-tuff volcano. H•iltr•isk and West Maurliden are instructive examples. The small H/iltr/isk massive sulfide deposit occurs near the top of an extremely thick andesitic succession, interpreted as the medial facies association of a major marine andesite volcano. Rhyolites are extremely rare in this succession (Figs. 8M and 10) , but an interval of strongly chlorite-altered, rhyolitic subaqueous pumice breccia-sandstone mass flow units with large round quartz phenocrysts occurs stratigraphically just below the sulfide deposit.
The West Maurliden massive sulfide deposit occurs within a thick succession of fine-grained feldspar-porphyritic rhyolite, dacite and andesire lavas, intrusions, and associated volcaniclastic facies, which is defined in this study as the Maurliden emergent marine rhyolite-dacite-andesite lava-cryptodometuff complex (Table 3) . Coarse rhyolite porphyries with large round quartz phenocrysts are scattered through this succession and are interpreted as subvolcanic intrusions (Fig. 7) . It is remarkable that the West Maurliden massive sulfide coincides exactly with a 70-m-thick interval of rhyolitic volcaniclastic debris with large round quartz phenocrysts, the only such unit known in the succession (Fig. 8K) . The quartzphyric rhyolite debris is interpreted as a roedial(?) facies sourced from eruption of one of the coarse intrusive porphyry cryptodomes. The coincidence of the ore with this facies, and the near-sea-floor eraplacement origin of the ore (see below), indicate that the ore formed immediately after the eruption of a very coarse-grained rhyolite cryptodome.
These relationships indicate a remarkable coincidence in space and time between massive sulfide ores and the rhyolite cryptodome-tuff volcanoes. The existing, favored, ore genetic model of a regional convective hydrothermal system with ore precipitation at the sea floor above fault conduits (Rickard, 1986 ) is insufficient to explain the remarkable coincidence of ores with one particular volcano type. Synvolcanic faults were common in the Skellefte district and presumably provided the conduits both for ascending hydrothermal solutions and for the magmas of all the various volcano types in the district.
The remarkable coincidence of massive sulfide ores with the rhyolite cryptodome-tuff volcanoes requires that many of the ores were intimately and genetically linked to the tectonic and magmatic evolution of this specific volcano type (in addition to links with regional tectonic and magmatic evolution, and depositional environment).
Relationship to other volcano types
A few massive sulfide ores in the areas studied have a spatial relationship to dacite-andesite-basalt complexes and no known distinct association with the rhyolite volcanoes (e.g., Kankberg, Bastuheden). The timing and origin of these ores are unclear and require further work.
Relationship of ore type to volcanic facies association
Relationships between metal ratios (and economic viability) of the ores and volcanic facies association are mainly indistinct. Ores associated with rhyolite cryptodome-tuff volcanoes tend to be relatively enriched in Zn _+ Pb, and to a lesser extent Au (Fig. 3) Many massive sulfide ores in the Skellefte district occur within rapidly or mass emplaced volcaniclastic facies and must therefore be regarded as replacement and impregnation ore deposits. Examples include Renstr/Sm which occurs within a subaqueous pumiceous pyroclastic fallout unit (Fig. 8E) , Petikn•is North which occurs in the lithic-rich base of a mass flow breccia (Fig. 8G) , Holmtj'arn which occurs within a polymict mass flow volcanic conglomerate (Fig. 8H) , West Maurliden which replaces a quartz-phyric rhyolitic volcaniclastic unit (Fig.  8K) , and LSngdal and the lower lenses of the LSngsele deposit which both occur within massive, syneruptive pumice breccia mass flow units (Fig. 8A and B) . These massive sulfide deposits range from truely massive, to semimassive and impregnation ores (refer to sulfur contents, Table 1 ). All of the ores contain at least local relics of the host facies within them. Some other massive sulfide ores in the Skellefte district may have been emplaced on the sea floor.
The distance below the sea floor at which infiltration and replacement occurred is more difficult to interpret. At West Maurliden, the top of the massive sulfide coincides exactly with the top of the rhyolitic volcaniclastic host unit, and alteration decreases rapidly in intensity above the ore (Fig. 8K) . It is possible therefore that the top of the rhyolitic volcaniclastic host unit was the sea floor at the time of ore formation, and replacement occurred right up to the sea floor. The LSngsele ore deposit (Fig. 8B) has an irregular geometry. Ore at the top of the rhyolitic pyroclastic unit and directly below the overlying black mudstone may have formed in a fashion similar to that described for West Maurliden. However, the lower lenses and tongues of ore occur within the rhyolite pyroclastic unit and are interpreted to have replaced that unit. Consequently, at LSngsele, infiltration and replacement may have occurred at a range of stratigraphic levels over an interval of 150 m. At Holmtj•irn, strong pyritic alteration extends more than 150 m into the hanging wall without any abrupt breaks in intensity. Consequently, the stratigraphic depth at which replacement occurred is unresolved.
All of the replacement-type massive sulfide ores have replaced originally very porous and permeable host facies, especially pumiceous facies. These very porous facies would have originally been saturated with cold seawater. Prior to compaction, the pumiceous facies may have contained 70 to 90 percent by volume of sea water. It seems logical therefore that the main reason for abundant replacement ores in the Skellefte district is the abundance of originally very porous volcaniclastic facies, which caused the upwelling hydrothermal solutions to mix with cold seawater and precipitate their metals prior to reaching the sea floor. By contrast, hydrothermal solutions flowing up fault conduits or local breccia zones in massive lava piles would not meet such large volumes of cold sea water until reaching the sea floor.
The discontinuous, semimassive to spotty carbonate-rich alteration halos that were described above, also mainly occur within pumiceous facies and are associated with replacement ores. These data suggest a general genetic model in which an interface developed between ascending hydrothermal solutions and the overlying or surrounding cold seawater-saturated strata. Sniffdes were precipitated along the lower side of this interface, whereas carbonates (and anhydrite?) formed along and outside the interface. The carbonates may have precipitated from seawater and be analogous to the gypsum zones of the Japanese kuroko deposits. The sedimentary or sea water signature of C and O isotope data from carbonates at Renstrrm (Duckworth, 1991) are consistent with this interpretation. Deposition of carbonate and other gangue minerals at a subseafloor interface may also have provided permeability and chemical barriers that further focused sulfide precipitation.
A range in ore deposit type, from volcanic-hosted massive sulfide toward epitherrnal Many sulfide deposits in the Skellefte district have characteristics of marine synvolcanic massive sulfide deposits (see above). Several deposits also have some characteristics more common to subvolcanic and epithermal deposits. These include moderately shallow-water depositional environments of the host succession, high Au, As, Sb, and Hg contents, replacement-and infiltration-style mineralization, extensive hydrothermal brecciation, and local high alumina alteration. We suggest that massive sulfide ores in the Skellefte district span a range in ore deposit style from deep-water sea-floor ores, to subsea-floor replacements, to shallow-water and possibly subaerial synvolcanic replacements. These guides to ore should, of course, be integrated with other geologic, geochemical, and geophysical techniques in any exploration program.
Conclusions
Synthesis: The main locus of massive sulfide mineralization
The single most prospective position for massive sulfide ores in the Skellefte district is a combination of the top of proximal facies associations in a rhyolite cryptodome-tuff volcano, a below-wave base depositional environment, and a stratigraphic level near the top of the Skellefte Group. However, several important deposits, including the Kristineberg deposit and all of the RenstrOm domain deposits, do not occur near the top of the Skellefte Group. Therefore the relationship to individual rhyolite volcanoes may be more critical than the regional stratigraphic level. For example, in the RenstrOm domain (Figs. 8, 13) , three major massive sulfide deposits are known. Each major deposit occurs at the top of the proximal facies association of a separate rhyolite volcano. Although correlations between the different structural blocks in the RenstrOm domain are uncertain, the stratigraphics enclosing each of the major massive sulfide deposits are different and cannot be correlated. Consequently we conclude that each mineralized rhyolite volcano in the RenstrOm domain, and therefore each massive sulfide deposit, is at a slightly different stratigraphic level.
